Thermoregulation During Spaceflight by Fortney, Suzanne M. & Greenleaf, John E.
NASA Technical Memorandum 103913 
Thermoregulation 
During Spaceflight 
John E. Greenleaf, Ames Research Center, Moffett Field, California 
Suzanne M. Fortney, Johnson Space Center, Houston, Texas 
January 1992 
NI\SI\ 
National Aeronautics and 
Space Administration 
Ames Research Center , 
Moffett Field, California 94035 -1 000 
https://ntrs.nasa.gov/search.jsp?R=19920019177 2020-03-17T10:40:30+00:00Z
SPACE ADAPTATION RESEARCH PROGRAM 
TITLE: THERMOREGULATION DURING SPACEFLIGHT 
DATE SUBMITTED: 
PRINCIPAL INVESTIGATORS: 
John E. Greenleaf, Ph.D. and Suzanne M. Fortney, Ph.D. 
NASA Ames Research Center 
Moffett Field, CA 94035-1000 
(415) 604-6604 
FAX (415) 604-3954 
AUTHORIZING INSTITUTIONAL OFFICIAL: 
Joan Vemikos, Ph.D. 
Chief, Life Science Division (Acting) 
NASA Ames Research Center (239-11) 
Moffett Field, CA 94035-1000 
(415) 604-3736 
FAX (415) 604-3954 
CO-INVESTIGATORS AND THEIR AFFILIATIONS: 
Michael C. Greenisen, Ph.D., NASA JSC/SD5 
William E. Thorton, M.D., NASA JSC/SD 
SCIENTIFIC COLLABORATORS AND THEIR INSTITUTIONAL AFFILIATIONS: 
James M. Waligora, M.S., NASA JSC/SD5 
Steven Siconolfi, Ph.D., NASA JSC/SD5 
Alan Moore, NASA JSC/SD5 
Harold Guy, University of California, La Jolla, CA 92093 
BUSINESS REPRESENTATIVE OR SPONSORING AGENCY OFFICIAL: 
(Name, Title, Complete Address, and Telephone No.) 
Ms. Ester L. Bugna, Technical Assistant 
Office of Director of Space Research 
NASA Ames Research Center (200-7) 
Moffett Field, CA 94035-1000 
(415) 604-6469 
ADDITIONAL INFORMATION IF NEEDED: 
SUMMARY 
The purpose for this flight proposal is to investigate human thermoregulatory parameters during 
excercise in microgravity. The hypothesis to be tested is that microgravity-adopted astronauts will 
exhibit accentuated increases in their core temperatures (excess hyperthermia) during exercise 
because of altered heat loss responses due to reduced sweating and/or accentuated vasodilation. The 
specific aims are (a) to compare core and skin temperature responses during moderate exercise 
before flight and inflight; (b) to determine whether the hypothesized inflight excessive hyperthermia 
is due to increased heat production, reduced sweating, impaired peripheral vasodilation, or to some 
combination of these factors; and (c) to determine whether heat production at an exercise load of 
60% of the maximal working capacity is similar preflight and inflight. It is expected that the astro-
nauts will exhibit excessive hyperthermia during exposure to microgravity which will be caused by 
decreased sweating and decreased skin blood flow. 
A. PROGRAM DESCRIPTION: 
I) Hypothesis: Microgravity-adapted astronauts will exhibit excess hyperthermia during 
exercise because of altered heat loss responses due to reduced sweating and/or vasodilation. 
2) Introduction: Little information is available for determining the effects of microgravity 
exposure on human thermoregulation. Leach et al. (1978) have suggested that there is a decreased 
sweat loss during exercise in microgravity and possible reduced insensible heat loss. Presumably, an 
increased "sheeting" of sweat on the surface of the body reduces convective as well as evaporative 
heat loss during exercise in microgravity. Spaceflight is associated with a developing hypohydration. 
Results from numerous ground-based studies have shown that hypohydration results in reduced sen-
sitivity and elevated core temperature threshold for the onset of both skin blood flow and sweating 
heat loss responses. To date, there have been no direct measurements of skin blood flow or sweating 
responses during exercise in astronauts in microgravity. 
3) Specific Aims: 
a) To compare core and skin temperature responses in astronauts during moderate exercise 
before flight and in microgravity. 
b) To determine whether the excess inflight hyperthermia is due to altered heat production, 
impaired vasodilation, impaired sweating, or to some combination of these factors. 
c) To determine whether heat production at a moderate level of oxygen uptake (60% of 
preflight peak oxygen uptake) is similar preflight and inflight. 
4) Rationale/Justification: Humans, with their normal core temperatures of 37° C (98.6° F), 
are closer to their upper lethal limit of core temperature (42° C or 107.6° F) than to their lower lethal 
limit of 27° C (80.6° F). Astronauts undergoing EVA would more likely have problems with excess 
heating than with enhanced cooling because of their physical work (exercise) performance. Any 
countermeasure effective for reducing heat production and/or increasing heat dissipation should 
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allow for higher work rates for longer periods pf time. Also, understanding the relationship between 
heat production and evaporative heat loss will be required for accurate estimations of drinking water 
requirements during long-duration spaceflight. 
5) Background: To date there have been no published accounts of heat maladies suffered by 
astronauts; i.e., heat exhaustion or heat stroke. The capacity of the environmental control system in 
the Space Shuttle is more than adequate to accommodate the crew's heat dissipation load, even when 
heavy exercise is performed periodically during orbital missions. The same was true during the 
Apollo and Skylab missions (Waligora and Horrigan 1975, 1977). 
Because of the limitation of heat removal capacity of the extravehicular (EVA) suit, the upper 
limit of energy utilization during EVA in the Gemini, Apollo, and Skylab flights was 
225-300 kcallhr; this corresponds to an oxygen uptake of 0.8 to 1.0 liter/min during light exercise. 
The average EV A time was about 6 and 4 hr for Apollo and Skylab astronauts, respectively 
(Waligora & Horrigan 1977). Total heat removal capacity of the Space Shuttle-Space Station EV A 
suit is 2,513 kcal (10,000 BTU) and maximal rate of heat dissipation is about 503 kcallhr 
(2,000 BTUlhr). The average steady-state range is about 213 kca1/hr (850 BTUlhr), which is some-
what lower than the 225-300 kcallhr range of earlier suits. Vorobyev et al. (1986) reported mean 
energy expenditures of 198-294 kcallhr for two cosmonauts during 170-175 min. of EV A; their 
average oxygen uptake was about 0.7 liters/min. The upper limit of heat removal of our suit 
(503 kcallhr) is approximately equivalent to an oxygen uptake of 1.7liters/min., a level about half 
the peak oxygen uptake (peak V02) of 3.4liters/min. (45 ml 02/minlkg body wt.), the average level 
for the total astronaut corps. Constant work at 50% of the peak oxygen uptake, i.e., at 1.7 liters/min., 
can be endured for about 5 hours of EV A. Constant work at 50% of the peak level will result in an 
equilibrium level of body core temperature of 38.0 ± 0.10 C (100.40 F), an optimal level for efficient 
work performance. 
Since the rate of rise and final equilibrium level of body core temperature is directly proportional 
to the absolute exercise load (Greenleaf 1979), it is clear when astronauts work at loads greater than 
503 kcallhr (50% peak V02) that all metabolic heat will not be removed, suit ambient temperature 
will increase, and thus body temperature will rise above 38° C. The level of non-steady state hyper-
thermia depends on a number of factors including exercise intensity and duration, level of physical 
fitness, muscle groups involved, the size of the lean body mass, and the degree of microgravity 
deconditioning of the astronauts. The last factor involves the level of hydration and the efficiency of 
cardiac function which determine if sufficient blood is available to supply sufficient nutrients to 
working muscles as well as providing adequate perfusion of deep and especially peripheral veins to 
transport body heat for dissipation. 
If we assume the average, normal body core temperature to be 37.0° C (98.6° F), death can ensue 
when body temperature falls below 27° C (80.6° F) and when it exceeds 42° C (107.7° F); i.e., with a 
drop of 10° C but with an increase of only 5° C. Thus overheating is more critical than overcooling. 
The lower limit of core temperature for the onset of heatstroke is between 41.1 ° C and and 42.0° C 
(Shibolet et al. 1976), but cases of classical heatstroke have been reported with core temperatures of 
40.6° C (105.1° F) (Leithead and Lind 1964). The rate of heat exchange is also important. Unaccli-
matized men resting in a hot, humid environment (42° C, 90% relative humidity) are near their limit 
of tolerance and consciousness with rectal temperatures of 38.5° C (Convertino et al. 1980). But 
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during intense isotonic exercise, rectal temperatures in the heatstroke range have been recorded with 
no adverse symptoms or lasting effects. Robinson (1963) measured rectal temperatures of 40.0° C 
and 41.1 ° C in two champion runners after a 3-mile race, and Pugh et al. (1967) observed rectal tem-
peratures of 41.1,40.5, and 40.2° C in the first, third, and fourth place finishers, respectively, after a 
marathon race. In normal ambient conditions, heat exhaustion and physical debilitation usually occur 
before heatstroke occurs. Under conditions in which heat flow away from the skin is reduced, such 
as in workers wearing impermeable clothing or astronauts wearing a suit with inadequate heat 
removal capacity, skin temperature rises resulting in a reduced core to skin temperature gradient. 
Under such conditions heat cannot be adequately removed from the core and symptoms of heat stress 
may occur even at core temperatures as low as 38° C (Tanaka et al. 1978, Smith 1980). Clearly, the 
absolute level of core temperature cannot be used to determine the physiological state of astronauts 
or when heat exhaustion is likely to occur. 
All of these considerations, prognostications, and measurements have been applied to and per-
formed on normal, healthy subjects on Earth. lauchem (1988) has reviewed the effects of various 
environmental stressors including acceleration and hypergravity, hypogravity and weightlessness, 
hyperoxia and hypoxia, radiofrequency radiation, vibration, and circadian rhythm changes, and con-
cluded that all of them influence body temperature to some degree. There is a close relationship 
between body fluid-electrolyte-osmotic parameters, cardiovascular (peripheral blood flow) heat dis-
sipation mechanisms, and exercise thermoregulation in eugravity. There appear to be adaptive 
changes in fluid-electrolyte and cardiovascular parameters in microgravity. Therefore it is reasonable 
to assume changes in exercise thermoregulatory function will occur in microgravity-adapted astro-
nauts. The major questions are (a) whether there is a unique effect of adaptation to microgravity 
per se on thermoregulation; (b) if so, will this effect adversely influence astronauts' performance and 
well-being; and (c) if so, can appropriate countermeasures be implemented? 
Thermoregulatory studies conducted on astronauts in microgravity have, in general, produced 
either indirect data (Leach et al. 1978) or have been performed under inadequately controlled envi-
ronmental conditions (Novak et al. 1980). Conclusive results have not been obtained. Instructive 
results have come from controlled studies of exercise thermoregulation after prolonged bed rest 
(Fortney 1987, Greenleaf and Reese 1980) and water immersion (Greenleaf et al. 1985). The exces-
sive increases in esophageal (Fortney 1987) and rectal (Greenleaf and Reese 1980) temperatures 
during submaximal exercise after 12-14 days of horizontal bed rest have been attributed mainly to 
reduced conductive heat loss via enhanced peripheral vasoconstriction responses that were not the 
result of reduced plasma volume and were the result of reduction in sweating and evaporative heat 
loss (Fortney 1987, Greenleaf and Reese 1980). The rectal temperature response to exercise in air 
after immersion deconditioning is also higher than the pre-immersion level (Greenleaf et al. 1985), 
similar to the response after bed rest. While resting rectal temperature is increased post-immersion, it 
has also been reported to be unchanged from ambulatory levels (Greenleaf and Reese 1980) or to be 
increased above control levels (Fortney 1987) after bed rest deconditioning. The reason for this dis-
crepancy is not clear and is currently being investigated at Ames. 
3 
B. EXPERIMENTAL DESIGN AND METHOD: 
1) Overall Desi~n: The overall study design involves a comparison of the thermoregulatory 
responses of 8 male astronauts during exercise in a ground-based environmental chamber to those on 
10-14 day flights. Measurements of core and skin temperatures,local sweating, forearm blood flow, 
and oxygen consumption will be measured at a constant exercise level (60% preflight peak: V02) 
during exercise tests (ET) conducted 3 times preflight, 3 times inflight, and 2 times postflight. Since 
thermoregulatory responses are dependent upon relative exercise intensity, exercise capacity 
(V02 peak) will be measured 3 times preflight, two days before the end of the flight, and once post-
flight. The ET will be conducted in an environmental chamber at a temperature and humidity charac-
teristic of the Shuttle middeck (770 F, 30-35% relative humidity). Because of the roughly 24-hr fluc-
tuations in cabin ambient conditions during flight (see appendix 1 for examples of ambient cabin 
conditions), the ET will be scheduled for approximately the same time of the astronaut's activity 
day-approximately 3 hr after waking and 2 hr after breakfast. Exercise tests will be done in dupli-
cate preflight, 3 times inflight (flight days 2, 5, and the day before scheduled landing) and 2 times at 
least 30 days postflight. Thermoregulatory responses will be assessed during each 60-min. ET from 
measures of core and skin temperatures, local sweating responses, forearm blood flow and heat pro-
duction calculated from the exercise oxygen consumption. 
2) Core Temperature: Core temperature will be measured using two separate techniques-
rectal temperature for the steady state response, and ear canal-tympanic membrane temperature for 
the initial transient temperature response. The rectum is the site most often used to assess core tem-
perature during long-duration steady-state exercise. The limitations of the rectal measurement site 
are that it takes 50-60 min. to reach equilibrium and it may be influenced by local muscle heat pro-
duction during leg exercise. Ear-canal temperature measurement is an indirect method to estimate 
brain temperature. It is fast-responding and an accepted method to measure transient core tempera-
ture responses which are essential for the identification of an altered sweating or skin blood flow 
reflex response. Esophageal temperature will be measured with soft, disposable thermocouples 
(Mallinckrodt Anesthesia Products). Thermometer pills (Human Technologies, Inc.) will be evalu-
ated preflight using volunteers to determine whether they might be used in place of the rectal tem-
perature site for measurement of steady-state core temperature. 
3) Forearm blood flow and sweatini responses: Both vasodilation and sweating heat loss 
responses are effected via reflex nervous responses. To determine the effector reflex responses, fore-
arm blood flow and sweat rate are plotted as a function of the rise in core temperature during the first 
10-20 min. of exercise. The slopes of these relationships are an indication of the sensitivity of the 
reponses, while the core temperature at which sweating or vasodilation begins is the threshold of the 
responses (Nadel et al. 1977). Changes in sensitivity are thought to reflect changes in the function of 
the peripheral, afferent nervous system, while changes in threshold are interpreted as a central neural 
change in the thermoregulatory system (Fortney and Vroman 1985, Nadel et al. 1977). We predict 
there will be both central and peripheral modifications in heat loss responses upon exposure to 
microgravity; threshold changes in the central nervous system changes will be caused primarily by 
changes in body hydration, and changes in the peripheral nervous system by the postulated sheeting 
of sweat on the surface of the skin. 
4 
4) Oxygen Consumption: Heat production can be calculated by the method of indirect 
calorimetry (Newburgh 1949) from measurements of oxygen consumption and respiratory exchange 
ratio (VC02N02). Oxygen consumption will be measured twice during each ET test-after 50 and 
60 min. of exercise. The subject will breathe through a large-bore two-way breathing valve with the 
expired air directed through an ultrasonic flowmeter for measurements of ventilation. The expired 
gases will then go into a mixing chamber from which aliquots of the gas will be sampled and ana-
lyzed for percent oxygen and carbon dioxide. Samples of the cabin air will be taken immediately 
before each oxygen consumption determination for measurement of the inspired percentages of oxy-
gen and carbon dioxide. All determinations will be performed in duplicate. If a gas analyzer is not 
available by the time of the flight, aliquots of the cabin air and expired air will be stored in small gas 
cylinders to be analyzed after the flight. 
c. CREW TRAINING: 
Approximately two months before flight, one I-hr and one 2-hr training sessions will be required 
to familiarize the crew with the ET and peak V02 tests (Table 1). All ET and peak oxygen tests will 
be conducted on an electrically-braked cycle ergometer with the crewmen in the supine position to 
minimize orthostatic effects on the cardiovascular system. Then, as close as possible to launch, two 
peak V02 tests and two ET tests will be performed. Each ET will include 60 min. of a constant-load 
exercise, plus 30 min. for calibrating the equipment and instrumenting the crew. The load on the 
cycle ergometer will correspond with that required to produce an oxygen uptake of 60% of each 
crewperson's preflight peak oxygen uptake. The ET will be conducted at least 2 hr after a meal 
(breakfast) with the crew abstaining from all drugs-including alcohol, nicotine, and caffeine-for 
24 hr prior to each test. 
1) Preflight: One I-hr and one 2-hr exercise training sessions two months preflight. Then two 
preflight ET and two preflight peak oxygen tests will be done as close as possible to launch, allow-
ing at least 2 days between the ET tests for complete recovery from the exercise. 
2) Inflight: Three ET tests (total time required = 90 min./test) on flight days 2, 5, and one day 
before reentry. One peak oxygen test two days before reentry. 
3) Postflight: One peak oxygen test approximately 28 days postflight. If this value is not back 
to preflight levels, it will be repeated 15 days later and the postflight ET tests also postponed. Two 
ET tests will be performed on postflight days 30 and 32, unless a longer delay is required for return 
of the peak V02. 
4) Flight EQuipment: An electrically-braked supine cycle ergometer will be used for all exer-
cise tests, and the ET may be done in place of a usual daily exercise bout. Measurements to be taken 
during the 30 min. resting (instrumentation) pre-exercise period and during exercise are: rectal tem-
perature (or stomach temperature with a thermometer pill), ear-canal temperature, 6 skin tempera-
tures, heart rate from the electrocardiogram, and rate of sweating from chest hygrometer capsules, 
forearm blood flow measured during baseline and twice/minute during the first 20 min. of exercise. 
Oxygen consumption will be measured once, two days before reentry. Backup or actual flight ET 
and peak oxygen equipment should be used for all pre- and post-flight testing. 
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D. MEASUREMENT DEVICES AND EQUIPMENT: 
1) Body Temperature Measurements: Rectal, skin, and ear-canal thennocouples and/or 
thermistors intetfaced with a continuous recording system; e.g., Yellow Springs instruments 
thermistors connected to a SciencelElectronics Physiological Squirrel Monitoring System. If proven 
accurate, Cortemp thennometer pills may be substituted for the rectal temperature site (Human 
Technologies, Inc., St. Petersburg, FL). The ear-canal-tympanic membrane thermocouples have 
cotton ends for comfort (Mallinckrodt Anesthesia Products, St. Louis, MO). 
2) Oxygen Consumption Measurements: Ventilation will be measured with an ultrasonic 
flowmeter (OHO Electronic, Switzerland). Oas samples will be analyzed either postflight (MOA 
medical gas analyzer), or inflight, with a middeck gas analyzer for oxygen and carbon dioxide (to be 
developed in the Space Biomedical Research Institute). In either case, before aliquots are taken, they 
will be sampled from a gas mixing chamber (Meer Instruments, La Jolla, CA). 
3) Local Sweat Responses: Dew point hygrometry system to be developed by Boeing. 
4) Forearm Blood Flow: Measured using the System for Venous Occlusion Plethysmography 
developed for SLS-l (Engineering Development Laboratories, Newport, VA). 
5) Exercise Device: An electronically-braked cycle ergometer which will provide accurate 
graded exercise levels with little upper body movement which is necessary to insure the forearm 
blood flow measurements are free of movement artifact. 
6) Cabin temperature. humidity and air flow: Standard thermistor, humidity sensor, and hot-
wire anemometer (Appendix I). 
7) Heart Rates: Standard inflight electrocardiograph used during other inflight exercise 
protocols. 
E. EXPECTED RESULTS: 
We expect that the astronauts will exhibit excessive increases in their core temperatures during 
exposure to microgravity. The higher core temperatures may be due to decreased sensitivity of both 
skin blood flow and sweating responses to the increased core temperature. 
F. SUPPORTING FACILITIES: 
1) Preflight: Johnson Space Center's environmental physiology heat chamber. 
2) Inflight: Shuttle middeck. 
3) Postflight: Johnson Space Center's environmental physiology heat chamber. 
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H. BIOGRAPmCAL SKETCHES: 
See appendix 2 at end of proposal. 
I. BUDGET: 
(Please note the equipment needed for this study is most likely redundant with equipment 
needed for other DSO or EDO projects). Therefore, some of these costs may be shared, and once 
developed, this equipment will be available for other studies. 
1) No additional salaries are required. 
2) Equipment (duplicate flight and ground-based equipment): 
Development of Dew Point Hygrometry Sweat System SOK 
Evaluation of Thermometer Pills lK 
Mixing Chamber 10K 
Development of gas analyzer 50K 
Ultrasonic flowmeter 15K 
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Yellow Springs Thermistors and Data Storage System 10K 
Development of Cycle Ergometer 30K 
Purchase of System for Venous Occlusion Plethysmography 30K 
Cabin temperature, humidity and air flow sensors. 2K 
3) Other direct costs: 
Subject costs for ground-based studies and validations 10K 
4) Travel costs: 
Travel and housing for Dr. Greenleaf from Ames to JSC 12K 
(12 trips/$l000) 
5) Other costs: 
Data analyses and publication costs 10K 
6) Overhead costs: none 
TOTAL COSTS: 230K 
J. CURRENT AND PENDING SUPPORT: 
1) John Greenleaf: 
a) FY 1990 RTOP funds. "Fluid and Electrolyte Shifts during Deconditioning: Rehydra-
tion and Exercise Thermoregulation"; 90K. 
b) FY 1991 RTOP funds; 90K (year three). 
2) Suzanne Fortney: 
a) FY 1990: Directors discretionary funds. "Plasma Volume and Orthostatic Intolerance"; 
$60K. 
b) FY 1990 RTOP funds. "Mechanism of Orthostatic Intolerance During Bedrest of Varying 
Duration"; $50K. 
c) FY 1991 Directors discretionary funds (last year); $60K. 
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d) FY 1991-1994 RTOP submission. $ lOOK annually. 
K. PROVISIONS FOR USE OF HUMAN TEST SUBJECTS: 
The investigations proposed will be reviewed by the Johnson Space Center Human Research 
Policy and Procedures Committee, and the Ames Research Center Human Research Experiments 
Review Board. If approved, the study will conform with the principles of the Helsinki Code of the 
World Medical Association. 
*Preflight 
Inflight 
Postflight 
Total Time 
Table 1. Crew Time Requirements 
Training Session (lhr) 
Preflight Measure (1 hr) 
Preflight Measure (1 hr) 
Inflight Measure (1 hr) 
(L-3) 
Postflight Measure (1 hr) 
(L + 38)' 
5 hr 
Exercise Test (ET) 
Training Session (2 hr) 
Preflight Test (2 hr) 
Preflight Test (2 hr) 
Inflight Tests (2 hr/ea) 
(D2, D5, L-2) 
Postflight Tests (2 hr/ea) 
(L + 30, L + 32) 
16 hr 
*Preflight training sessions should occur within 60 days of the flight. Preflight V02 peak or ET 
tests should occur as close as possible to the launch, with the ET tests done on separate days, 
sparated by at least 2 days. 
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APPENDIX 1: CABIN TEMPERATURE (OF) VARIABILITY 
DURING SHUTTLE FLIGHTS. 
A B C D E 
1 MISSION ON-ORBIT, of 
2 STS ORBITOR STS CTMAX CTMIN 
3 1 co 1 80.2 75.0 
4 2 co 2 82.5 70.0 
5 3 co 3 81.5 73.0 
6 4 co 4 82.0 68.0 
7 5 co 5 80.0 75.0 
8 6 ch 6 78.0 72.0 
9 7 ch 7 76.0 69.0 
10 8 ch 8 80.0 72.0 
11 9 co 9 83.0 68.0 
12 10 ch 41B 83.0 70.0 
13 11 ch 41C 79.0 68.0 
14 12 dis 41D 78.0 72.0 
15 13 ch 41G 91.0 73.0 
16 14 dis 51A 85.0 73.0 
17 15 dis 51C 
18 16 dis 51D 83.0 76.0 
19 17 ch 51B 83.5 74.0 
20 18 dis 51G 89.0 80.0 
21 19 ch 51F 92.0 76.0 
22 20 dis 511 82.0 72.0 
23 21 atl 511 
24 22 ch 61A 80.0 73.0 
25 23 at! 61B 84.0 74.0 
26 24 co 61C 86.0 80.0 
27 25 ch 51L 
28 26 dis 26R 89.0 72.0 
29 27 at! 27R 
30 28 dis 29R 82.0 71.0 
31 29 at! 30R 84.0 72.0 
32 30 co 28 
33 31 at! 34 89.0 69.0 
34 32 dis 33 
35 
36 mean all 83.2 72.6 
37 ±SD all ±4.1 ±3.2 
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APPENDIX 2: BIOGRAPmCAL SKETCHES 
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KRUG 
lifE SClfNCES 
"WI ......... ......., 
TO: ARC/NASA/John E. Greenleaf, Ph.D. 
S05/NASA/Suzanne M. Fortney, Ph.D. 
FROM: SOS/KRUG/Alan D. Moore, Ph.D. 
DATE: January 25, 1991 
SUBJECT: Collaboration in the proposed SOO entitled 
"Thermoregulation During Spaceflight" 
MEMO 91/006 
My primary role as a scientific collaborator in the proposed study shall be to 
participate in the collection, qual ity assurance, and interpretation of the 
exercise data. Attached is a "mini-vita" that should meet your documentation 
requirements. 
ADM/hmg 
Attachment 
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SECTION. _ II 
PROTECI'ION OF HUMAN SUBJECl"S. 
Y. Justijlt:.tlJiLJn. Explain briefly why human subjects are required. 
n. &quimnmb and S~ 0iUria. ~!1?e in de~il all subject selection procedures. 
Include source of subject population, recruitment methods, and schedules for subject briefing 
sessions. List all selcccion and exclusion criteria sucb as age. sex, smoking history, pbyiical 
condition, and special requirements such u current Air Force class m physical examination 
results, and history of drug allergies. Any other special hea1tha re1ateO testing requirements must 
be clearly indicat~ 
In. 0mJitlmlialitJ. Briefly dCSCfWe the proc:edura employed to maintain conJidentiaiity 
of subjecc ideatity and results. 
IV. RJsk:r lIIId HaztIId.f. Describe aU anticipated hazuds from the procedures (especiaUy 
biologi.cal sample coReetions. new diagnostic procedures and treatments), materials (radioactive 
substances etc.), or any other experimel1t·re1atedcol1ditiorlS, including immediate, delayed, or 
lonSatenn effects. Include assessment of dearee of risk (minimum, reasonable. or high) and 
proposed acceptable risk-bcuelit ratio. 
v. SQ{ety J1ff!CIIlIIiDn:. Dcxn'be deWb of medical intervention procedures in the event of 
adverse reactiona Include infonnation 011 the availability of a-physician and medieal facilities 
during and after the study, any post-experimcm: medical chec1c up requirements. and precautionary 
measures to avoid any complications (immcdiate8.lld delayed) that lire experiment reJated. 
VI. Subj«:t InftJmllllitJn IDJ4 CoMmt. Include all the n«esaaty information concerning the 
study that will be explained to the subjects at the briefing session. Carly state subject rights 
such as freedom to withdraw from the study. workmen's compensation eovuage, confidentiality. 
and remuneration policy. Attachments mY include a duly filled CoOsenl foon (JSC Form 1416 
or 1416A, Revised AUJUS' 1990) approved by the institutional Human Use Committee and 
Subject InfQrmation H,ndgKl. 
A. Su,*" Briefio.. Dc:IQ'lbe briefly the worm.lion that wiU be covered during 
the briefiD& sea.iona Inc:lu~ a IDt of personnel that win ~tend the briefing and 
the procedures that will be explained or demoMtrated at the briefift" 
B. SUbject ("roanIMn Handout. Attacb a heAdout m.c dearly states in simple 
language all the procedures employed in the study, hazards and risb involved, 
safety precautions dllrinS and after the study, benefits and coverage. subjects' riihts 
and rem .. eration, and any post-e.xpcrimeal in.structioft.t. 
B. CoOHQt Fgrm. Include Appropriate form for minUnUdl (1416) or reasonable 
risk (1416A) recammendedby the Human Research Polic:y and Proudures 
Committee that is duly filled with intormation regarding the study and the 
inveauplor. 
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1. 
NASA HUMAN BESEABCH 
REASONABLE RISK 
IHEORMEP CONSENT FORM 
I the underSigned, do voluntarily give my Informed consent for my 
participation as a test subject In the following research study, test. experiment, 
or other evaluation procedure: 
..... 
NAME OF EXPERIMENT 
TRAINING TOUR NUMBER 
FLIGHT TO WHICH ASSIGNED 
NAME OF DESIGNATED PRINCIPAL INVESTIGATOR 
NAME OF RESPONSIBLE NASA PROJECT SCIENTIST 
I understand or acknowledge that: 
(a) 
(b) 
(0) 
(d) 
(e) 
(1) 
(g) 
(h) 
This procedure Is part of an experiment approved by NASA. 
I am performing these duties as part of my employment with 
This research study has been reviewed and approved by the JSC Human 
Research POliCY and Procedures Committee (HRPPC) which has also 
determined that the protocol Involves Wlonable risk to the subject. 
"Reasonable risk" means that the risks of harm anticipated In the 
proposed research are greater than those ordinarily encountered In daily 
life or during the performance of routine tests, but that those risks are 
considered to be acceptable when weighed against the anticipated benefits 
and the Importance of the knowledge to be gained from the research. 
The research procedures were explained to me prior to the execution of this 
form. I was afforded an opportunity to ask questions, and all questions 
asked were answered to my satisfaction. . 
I am medically qualified to participate In the investigation. 
I may withdraw from the Investigation at any time unless, as 
recommeded by the Prlncipallnvestlgater or his/her designee, such 
withdrawal would be dangerous or Impossible. 
In the event of physical Injury resulting from this study and calling for 
immediate 8ctlon or attention, NASA will provide or cause to be 
provided, the necessary treatment. I also understand that NASA will pay 
for any claims of Injury. loss of life or property damage to the extent 
required by the Federal Employees Comcensatlon Act or the Ftderal Tort 
ClaIms Act. My agreement to participate shall not be construed as a 
release of NASA or any third party from any futUre nabillty which may 
ar'se from, or in connection with, the above procedures. 
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(1) 
2. 
The confidentiality of any data obtained as a result 'of my participation as 
a research subject In this study shall be maintained, so that no data may 
be linked with me as an Individual. However, if a "life-threatening·· 
abnormality is detected, the Investigator will notlfy me and the JSC Flight 
Medicine Clinic. Such Information may be used to determine the need for 
care or medical follow-up, which. in certain circumstances, couLd affect 
my aeromedical flight status. 
I, the underSigned, the Prlncipallnvestlgator of the experiment deslg"ted 
above, certify that: 
(a) . I have accurately described tha procedure to the test subject. 
. (b) 
(c) 
(d) 
The test setup Involves reasonable risk to the test subject. All equipm.nt 
to be used has been Inspected and certified for safe and proper operation. 
The test subject Is medically qualified to participate. 
The test protocol has not been changed from that orglnally approved 
by the JSC HRPpe. 
APPROVED: 
Test subject Date 
PrinCipal Investigator Date 
Project Scientist Date 
(1) 
(2) 
A detailed description of the experiment or InvestigatIon will be attached to this 
consent form. The Principal Investigator Is responsible for formulating this 
document, which should be In layman's terms such that the subject clearly 
understands what procedures will be required and the risks associated therewith. 
This form Is valid for a 1-ye.r period from the date of signature by the Principal 
Investigator and the test subject (which datas should be Identical). A Signed, 
dated copy of this form with attachments must be forwarded to the JSC 
Human Research Policy and Procedures CommIttee, Mall Code SA, Lyndon 
B. Johnson Space Center, Houston, Texas 77058. 
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1. 
~ASA HYMAN RESEARCH 
MINIMA L RISK 
INFORMED CONSENT EORM 
I, the undersigned, do voluntarily give my Informed consent for my 
partlclpatlon a$ a test subject In the follOWing researcH study, test, Gxperlment, 
or other evaluation procedure: 
NAME OF EXPERIMENT 
TRAINING TOUR NUMBER 
FLIGHT TO WHICH ASSIGNED 
-, 
NAME OF DESIGNATED PAINCIPAL INVESTIGATOR 
NAME OF RESPONSIBLE NASA PROJECT SCIENnST 
I understand or aoknowledge that: 
(a) 
(b) 
(c) 
(d) 
(e) 
(f) 
(;) 
(h) 
This procedure Is part of an oxperlment approved by NASA. 
I am performing these duties as part of my employment with 
This research study has been reviewed and approved by the JSC Human 
Research Polley and Procedures Committee (HRPPC) which has also 
determlnd that the protocol Involves mlnlmalrisk to the subject. 
"MinImal risk" means that the risks of harm or discomfort anticipated In 
the proposed research are no greater than those ordinarily encountered In 
dally life or during the performance of routine tests, but that those risks are 
considered to be acceptable when weighed against the anticipated benefits 
and the Importance 01 the knowledge to be gained from the research. 
The research procedures were explained to me prior to the execution of 
this form. I was afforded an opportunity to ask questions, and all questions 
asked were answered to my satisfaction. 
I am medically quaUfied to participate In the Investigation. 
I may withdraw from the Investigation at any time unless, as 
recommended by the Principal Investigator or his/her designee, such 
withdrawal would be dangerous or Impossible. 
In the event of physlcallnlury resulting from this study and calling for 
Immediate action or attention, NASA will provide or cause to be 
provided, the necessary treatment. I also understand that NASA will pay 
for any claims of injury, loss of life or property damage to the extent 
required by the Federal Employees Compensation Act or the federal Tort 
Claims Act. My agreement to participate shall not be construed as a 
release of NASA or any third party from any future liability which may 
arise from, or In connection with, the above procedures. 
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(I) 
2. 
The confidentiality ot .y data obtained as a result of m, tlartlclpatlon as 
a research subject in this study shall be malntain.d, so that no data may 
be linked with me as an individual. However, If a "life-threatening" 
abnormality Is detected, the investigator will notify me and the JSC flight Medicine 
Clinic. Such Information may be used to determlne.the need for 
care or medical follow-up, which, in certain circumstances, could affect 
my eeromedlcal flight status. 
I, the unl1erslgned, the Principal Investigator of the experiment deslgated 
above, certify that: , .,' --. - -._. ' 
(a) 
(b) 
(c) 
(d) 
, .. ; .. 
I have accurately described the procedure to the test SUbJect. 
The test setup Involves minimal risk to the test subject. All equipment 
to be used has been inspected and certified for safe and proper operation 
The test subJect Is medically qualified to partiCipate. , 
The test protocol has not been changed from that orglnaUy approved 
by the JSC HRPpe. 
APPROVED: 
Test SUbject . Date 
PrinCipal Investigator Date 
Project Scientist Date 
(1) 
(2) 
A detailed description of the experiment or Investigation will be attached to this 
consent form. The Principal Investigator Is responsible for formulating this 
document, which should be In layman's terms such that the subject clearly 
understands what procedures will be required and the risks associated therewith. 
This form 1$ valid for a 1-year period from the date of signature by the Principal 
InvestIgator and the test SUbject (which dates should be identical). A Signed, 
dated copy of this form with attachments must be forwarded to the JSC 
Human Research Policy and Procedures Committee, Mall Code SA, Lyndon 
B. Johnson Space Center, Houston, Texas 77058. ' 
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08. J'1INATION, FINDINGS AND AUTHORl nON 
Title of Research: Thermoregulation During Spaceflight 
Principal Investigator(s): John Greenleaf, SL:239-7 
Fil e Number: H. R. 97 ~~----------~-------
Based upon my examination of the Protocol for the above-entitled research, 
staff analysis and recommendations concerning the same including medical and 
legal review, as well as my independent examination of the File annexed I 
hereby find and determine: 
1. That the research requires the use of human test subjects, and 
cannot feasibly be accomplished through the use of animals or by 
other means; 
2. That the importance of the objective of the research outweighs the 
inherent risks to the human test subjects who may be involved, and 
that said subjects will not be unnecessarily exposed to risk of 
injury, discomfort, or inconvenience; 
3. That the record contains evidence of satisfactory procedures for 
obtaining from each test subject his voluntary, and his informed, 
consent and that each test subject or his survivors would receive 
adequate compensation in the event of misadventure on the basis of 
federal, state, or private insurance compensatory plans as more 
particularly detailed and described in the File annexed. 
Effective this date, the above entitled research is authorized and the 
Principal Investigator(s) herein may proceed with the same subject to the 
following conditions: 
A. This Authorization is valid until May 31. 1992 
and the research may not continue beyond this date unless additional written 
authorization from me is received. 
B. All test subjects will receive a physical examination by a licensed 
physician prior to participation in the research and a physical examination 
upon termination of their participation in the research and in the event any 
medical impairment is disclosed the same shall be reported promptly and in 
writing to the test subject, to the ARC Chief, Institutional Operations Office, 
and to the Chief Counsel with an in'formation copy to me. 
/ 
Date : ___ ..5-.-.... 1_2_'1-"' !~7..;..· 1 ___ _ 
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